Horses (n = 20) were divided into 2 groups: oligofructose (OF)-induced equine laminitis group (group OF; n = 11) which received 10 g/kg b.w. of OF dissolved in 4 L water via nasogastric intubation, and control group (NS; n = 9) which received 4 L of saline. Blood was collected at 4 h intervals over 72 h study period and analysed by ELISA, kinetic limulus amoebocyte lysate assay, and glucose-oxidase methods. The level of insulin changed significantly in horses which received OF (P < 0.01); there was a significant negative correlation between the level of adiponectin and insulin over time. The results suggested that insulin may play an important role in the development of OF-induced equine laminitis by altering the level of endothelin-1 and nitric oxide.
Introduction
Laminitis is a disease that affects the feet of hooved animals and it is best-known in horses. Clinical signs include pain, increased temperature of hooves, and foot tenderness progressing to an inability to walk. Moreover, laminitis is typically characterised by pain of the digital laminae, of the hoof and severe cases present with outwardly visible clinical signs, colloquially termed founder (10) . Endothelin-1 (ET-1) and nitric oxide (NO) are the main markers which indicate vascular activities, and vasoconstriction may have an influence on laminitis. ET-1 is a potent vasoconstrictor, which is produced by vascular endothelial cells (5, 18) . NO is a ubiquitous molecule with a multitude of physiological actions including those vasodilator, neurotransmitter, immune-modulator, and antagonist of platelets and leukocytes (26) . NO has a short half-life and is oxidised into nitrite and nitrate, and regulates vascular function (especially vasomotor tone), that is measured together as NOx (24) .
Insulin is a primary regulatory hormone in glucose and vascular functions, fat metabolism, inflammation, tissue remodelling, and the somatotropic axis of growth (28) . Insulin resistance alters insulin signalling by decreasing the actions of insulin in certain resistance pathways, which in turn increases insulin signalling in other unaffected pathways via compensatory hyperinsulinaemia (28) . hyperinsulinaemia has been identified as a risk factor for equine laminitis (27, 28) . It is thought that equids experience alimentary carbohydrate overload when grazing on heavily grassed pastures during the periods of rapid plant growth (4, 15) . Laminitis can also develop after horses accidentally consume too much grain, thus causing alimentary carbohydrate overload (28) . Laminitis caused by carbohydrate-overload is a kind of sepsisrelated laminitis, and the latter has attracted more attention than any other type of laminitis over the past few decades due to the number of available models of this disease induction, including such carbohydrateoverload models as the traditional corn starch/wood flour and the more recent oligofructose (OF) models (6, 7) . Out of these two, OF reliably induces laminitis (6) , and it is currently the best available means of inducing experimental laminitis to mimic exposure to excessive carbohydrates; moreover, it has a reduced incidence of colic and low death rate, compared to the starchinduction model (17) . In the present study, we chose OF-induced laminitis as the experimental method to study the disease.
Adiponectin (ADPN), a high molecular weight isoform of insulin which plays a key role as a mediator of peroxisome proliferator-activated receptor γ action, has been found to alter glucose metabolism and insulin sensitivity (13, 23, 30) . In skeletal muscles, ADPN increases the expression of molecules involved in the transport of fatty-acids, such as CD36; combustion of fatty-acids, such as acylcoenzyme A oxidase; and in energy consumption, such as uncoupling protein 2. Subsequently, these changes can decrease the levels of tissue triglyceride (TG) and enhance insulin sensitivity (25, 29) .
In the current paper, we hypothesised that plasma concentrations of insulin, ET-1, and NO significantly change during the development of OF-induced equine laminitis. The specific aims of this study were to induce equine laminitis utilising OF, determine whether insulin plays a role in OF-induced laminitis, and investigate the reason for changing plasma concentrations of insulin.
Material and Methods
Horses. Twenty Mongolian horses, 10 mares and 10 geldings, were used. All horses were free of digital pathologies, as determined by physical and lameness examinations, as well as radiographic evaluation of the distal phalanx. During the acclimation period, all horses underwent daily physical examinations to make sure that they were healthy. Their mean body weight was 286 ± 18 kg (range 262-321 kg) and their mean age was 8.4 ± 1.7 years (range 6-12 years).
Laminitis induction. Horses were randomly divided into 2 groups: the OF group (OF, n = 11), which received via nasogastric intubation 10 g/kg b.w. of OF (ORAFTI Active Food Ingredients) dissolved in 4 L of water, and the control group (NS, n = 9), which received 4 L of saline (10, 11) . For blood collection, a catheter was fixed in the jugular vein immediately prior to nasogastric tube passage. The Obel Grade was used to evaluate lameness; the horses were considered to have laminitis when they reached Obel grade 2 lameness (28). However, when the grade exceeded 2, the horses were sedated with detomidine hydrochloride (10 μg/kg intravenously, Sigma-Aldrich, USA) and methadone hydrochloride (0.1 mg/kg intravenously; Sigma-Aldrich, USA). In our opinion, the Obel grade of all horses sedated is 2. Horses were given hay and water ad libitum throughout the study.
Sample collection. Part of jugular venous blood samples were collected at 4 h intervals (0-72 h) into heparinised tubes (Sigma-Aldrich, USA). Following each collection, the tubes were immediately centrifuged at 300 × g for 10 min at 4°C, and the plasma was stored at −80°C until assayed. Another set of blood samples was collected at 4 h intervals into heparinised lipopolysaccharides (LPS)-free glass tubes (SigmaAldrich, USA) and centrifuged at 300 × g for 10 min at 4°C, and the plasma was stored at −80°C until LPS assayed. Each horse was physically examined and lameness evaluation was performed following each collection.
Biochemical analysis: Plasma glucose concentration was analysed by the Clinical Surgical Laboratory (Northeast Agricultural University, Harbin, China), using the glucose-oxidase method, and the concentrations of insulin, ET-1, NO, and ADPN were measured with ELISA (Shaimo, China), according to the manufacturer's instructions. A kinetic limulus amoebocyte lysate assay (Charles River Endosafe) was used to measure LPS in plasma, as previously described (18) .
Statistics. All data were analysed using Statistical Programme for Social Sciences 18.0 (SPSS Inc, USA). Values were expressed as mean ± S.E.M., and values at each time point were compared to the value at time 0 by one-way repeated measures analysis of variance (ANOVA), followed by a Dunnett's post hoc test. Statistical significance was accepted at P < 0.05.
Results
Clinical signs. None of the control horses showed lameness throughout the observation period. Alternatively, lameness (Obel grade 2) was detected in 9 out of 11 horses that received OF, within 20 to 60 h post-administration; all clinical symptoms improved after 64 h (Tables 1 and 2 ). The other 2 remaining horses showed no signs of lameness. All horses in the OF group developed profuse watery diarrhoea between 12 to 24 h, whereas none of the control horses showed diarrhoea throughout the entire observation period.
Changes of plasma indexes. Saline did not alter the levels of plasma indexes throughout the study. However, plasma concentration of NO and ET-1 were significantly increased from 8 th h and reached a peak at 28 th -32 nd h before decreasing back to control levels by 72 h. ET-1 had a more increasing range compared with NO. As compared with the NS group, OF-induced laminitis abruptly elevated the concentrations of plasma glucose at 4 h and then begun to decrease back towards control values from 4 to 20 h, until their returning to normal values at 20 h As compared with the NS group, OF-induced laminitis raised the insulin concentration throughout the study. Furthermore, abrupt increases in insulin concentrations at 4 th h were observed. On the other hand, OF caused ADPN levels to decrease steadily from 8 h until the nadir at 36 h, and then began to rise back towards control values from 36 to 68 h returning to normal at 72 h. Plasma LPS levels increased rapidly at 4 h before decreasing back to control levels by 24 h (Fig. 1 -Fig. 6 ). 1  2  2  1   20  2  ×  2  2  2  2  ×  2  2  2  2   24  2  ×  2  2  2  2  ×  2  2  2  2   28  2  ×  2  2  2  2  ×  2  2  2  2   32  2  ×  2  2  2  2  ×  2  2  2  2   36  2  ×  2  2  2  2  ×  2  2  2  2   40  2  ×  2  2  2  2  ×  2  2  2  2   44  2  ×  2  2  2  2  ×  2  2  2  2   48  2  ×  2  2  2  2  ×  2  2  2  2   52  2  ×  2  2  2  2  ×  2  2  2  2   56  2  ×  2  2  2  2  ×  2  2  2  2   60  2  ×  1  2  2  2  ×  2  2  1  2 
Discussion
In the present study, we have found that in OF laminitis-induction model the disease would be gradually self-healing and blood markers gradually return to normal, so the discussion focuses on the effects of some blood markers on self-healing processes.
NO and ET-1 are important angiotasis regulatory substances, which influence vasodilatation and vasoconstriction, the main functions which improve the microcirculation. At the same time, hyperinsulinaemia might accelerate the secretion of NO and ET-1 (8, 21) . In the present study, the results demonstrated that the NO and ET-1 increased significantly from 8 th h of the experiment and reached a peak at 28-32 h (Figs 1 and  2) . The trends were similar to the trend of insulin concentration and gradually returned to normal (Fig. 4) . However, ET-1 had a more increasing range compared with NO, and we suppose that it was related to the parasecretion of NO and ET-1, which caused microcirculation disturbance, inducing laminitis. This result is in agreement with the report of Peter et al. (22) . Plasma glucose levels increased rapidly at 4 th h before decreasing back to control levels by 16 h, due to the fact that the process of OF production would produce parts of absorbable sugar (9), which could be absorbed after feeding OF to the horses. Sudden increases in insulin concentrations at 4 th h were observed (Fig. 4) , which was a normal physiological reaction to sugar feeding (2) . Insulin also had influence on the concentration of plasma glucose, but in the present study, plasma glucose did not alter with changing insulin concentrations (Figs 3 and 4) , suggesting a compensatory mechanism involved in the secretion of insulin as the insulin sensitivity declined (3), thus maintaining euglycaemia.
In the current trial, OF induced watery diarrhoea from 12 to 24 h post-treatment, while horses infused with saline had no obvious clinical symptoms. During laminitis induced by OF, the intestinal pH is known to decrease sharply as OF is digested by the intestinal bacteria in the large intestine, which in turn causes significant inactivation of Gram-negative organisms, damaging the intestinal mucosa leading to an increased absorption of many substances, including LPS (1, 17, 20) . As such, we assumed that in our model the intestinal mucosa was damaged, resulting in watery diarrhoea and a large amount of LPS absorption (Fig. 6) .
Being an endogenous substance, ADPN neutralizes LPS when LPS is absorbed, which results in consumption of ADPN (11 -14, 16, 19) . ADPN concentration was significantly reduced between 8 to 36 h (Fig. 5) . As OF gets digested and discharged in the large intestine, Gram-negative organisms are no longer inactivated. As a result, ADPN concentrations gradually recovered to the control levels. Similar trends were not observed in the control groups. Furthermore, ADPN affects insulin sensitivity, thus causing the observed negative correlation in insulin concentration (Figs 4 and 5) (23, 30) . It might also explain why the concentration of insulin increased but plasma glucose remained partially stable.
In summary, during OF-induced laminitis, horses absorbed LPS, which might have been related to the concentration of ADPN, and even caused the deficiency of insulin sensitivity. Consequently, the body induced a series of adjustments to keep plasma glucose stable during the majority of the process, so the horses suffered hyperinsulinaemia. NO and ET-1 concentrations changed in relation to the levels of insulin, but ET-1 had a more increasing range compared with NO. This caused the parasecretion of NO and ET-1, which led to microcirculation disturbance and finally induced laminitis. We also found that the clinical symptoms of OF-induced laminitis, as well as blood markers, gradually returned to normal. According to the results of this study we hypothesise that the absorption of LPS may lead to the change of ADPN concentration, which in turn affects insulin concentration, and insulin may play a role in OF-induced laminitis by affecting ET-1 and NO in OFinduced laminitis.
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